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DIGITAL CLOCK FREQUENCY 
MULTIPLICATION CIRCUIT AND METHOD 

TECHNICAL FIELD 

The technical ?eld of the present invention relates to 
digital clock frequency multiplication and more particularly 
to semiconductor chips implementing digital clock fre 
quency methods and circuits. 

BACKGROUND OF THE INVENTION 

Currently, many frequency multiplication circuits and 
systems rely at least in part on analog components and 
subsystems. Frequency multipliers are described in P. 
HoroWitZ & W. Hill, Digital Electronics (Cambridge Uni 
versity Press 1994) at pp. 886—887, Which refers to them as 
non-linear circuits used When high stability signals are 
required at high frequencies above the range of good oscil 
lators. Analog frequency multipliers unfortunately cannot be 
implemented as standard cell or gate array designs, because 
such designs can only implement digital electronic systems. 
Using analog features limits circuit design portability and 
adds to complexity and cost. 

It is moreover desirable to engage in frequency multipli 
cation Without the involvement of higher frequency sources. 
It is further desirable to implement frequency multiplier 
systems able to accommodate variation in component char 
acteristics and a modicum of defectiveness in system com 
ponents. 

It is additionally desirable to accomplish accurate fre 
quency doubling and frequency multiplication independent 
of input clock duty cycle. In selected personal computer 
(PC) applications subject to power consumption reduction 
schemes, input clock duty cycles are variable due to irregu 
lar starting and stopping of clock operations. Many current 
frequency multiplication schemes are dif?cult to implement 
With irregular duty cycles of the input clock. 

Complex fast-on, fast-off circuitry has been developed to 
accommodate analog frequency doubler and frequency syn 
thesiZer circuit requirements. Such complex circuitry is, 
hoWever, expensive and problematic to operate and control. 

SUMMARY OF THE INVENTION 

A clock frequency multiplier system and method accord 
ing to the present invention employs a ?rst rising edge 
detector ?ip-?op connected to a series of delay buffers 
comprising a tapped delay line, each buffer having an output 
tap. The respective output taps are connected in parallel to 
each other to a binary to Gray converter and to a plurality of 
output multiplexers. The parallel tap outputs connected to 
?rst, second and third multiplexers produce ?rst and second 
falling edge outputs and a second rising edge output. The 
multiplexers are further tap-controlled by ?rst, second and 
third corresponding tap set circuits having respective hexa 
decimal inputs from a Gray to hexadecimal converter. The 
Gray to hexadecimal converter is connected to the output of 
the binary to Gray converter fed by the output taps, through 
a ?ip-?op clocked by the second rise of the input clock 
signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a circuit diagram of a digital clock frequency 
multiplier having a serial bank of delay buffers to generate 
a code representation of a selected input clock pulse passing 
through the serial delay buffer bank, according to the present 
invention; 
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2 
FIG. 1B is a timing diagram of the progress of a selected 

clock pulse being sampled over the serial delay buffer bank, 
according to the present invention; 

FIG. 1C is a block diagram of a digital clock frequency 
multiplier, according to the present invention; 

FIG. 2 shoWs a modi?ed portion of the circuitry of a 
digital clock frequency multiplier according to the present 
invention, including input and output delay stages preceding 
and folloWing a serial bank of delay buffers; and 

FIG. 3 is a timing diagram illustrating one embodiment of 
the present invention in Which an input clock signal of a ?rst 
selected frequency is multiplied by an integer factor of tWo, 
to produce an output clock signal of tWice the input clock 
frequency. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1A is a circuit diagram of a digital clock frequency 
multiplier 2 according to the present invention. In particular, 
clock frequency multiplier 2 includes an input ?ip-?op 3 
provided With a clock signal of a predetermined frequency 
range. Flip-?op 3, according to one embodiment, samples a 
selected rising edge of the input clock signal and alloWs the 
rising edge of the clock signal to propagate through the 
internal circuitry of frequency multiplier 2. According to one 
embodiment, ?ip-?op 3 is a master-slave or D-?ip-?op. As 
is Well knoWn, With reference to this embodiment of a clock 
doubler, a typical doubled clock signal has four primary 
features Within each period of the original reference clock: 
a ?rst rising edge, a ?rst falling edge, a second rising edge, 
and a second falling edge. 
According to another embodiment of the present 

invention, Where the original reference clock is doubled, ?ip 
?op 3 detects a selected falling edge of the input clock. 
Clock frequency multiplier 2 further includes a delay line 
including a series of delay buffers 4a—4h such as any of a 
number of commonly used components of such kind, and a 
binary to Gray converter 5 such as any of a number of 
commonly used components of such kind, to Which the 
delay line is connected. The amount of delay provided by 
each buffer of the delay line may vary considerably over 
ranges of process, voltage, and temperature. Layout con 
straints are set to keep delays of any given buffer relative to 
another Within an acceptable limit. According to the present 
invention, buffer speeds scale together over the length of the 
delay buffers. The total delay by the entire series of the delay 
buffers under Worst case and best case conditions is long 
enough to match the period of the sloWest input clock 
anticipated to be provided for multiplication. LikeWise, 
under Worst case and best case conditions, the tapped portion 
of the delay line is positioned to alloW adequately accurate 
sampling of the reference clock at sloWest and fastest 
reference clock frequencies. Delay provided by any one tap 
of the delay line is also calculated to give the desired degree 
of accuracy of the multiplication function over range of 
process voltages and temperatures. 

In the present invention, binary to Gray converter 5 
increments an incremental amount to shoW hoW far a 
selected clock pulse edge Will have traveled in the delay 
buffers at any given time. General background on Gray code 
technology is provided at pp. 477 et seq., in HoroWitZ and 
Hill, supra. As is Well knoWn, Gray code changes only a 
single bit to re?ect a change from one state to a next state. 
Therefore, the use of Gray code lessens the likelihood of 
errors, since the probability of an error may be characteriZed 
as a function of the number of bit changes attempted. For 
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instance, the probability of an error recurring When a bit 
remains unchanged if no change in state is desired is less 
than the probability of error occurring When a bit is changed 
if no change in state is desired. 

Frequency multiplier 2 further includes a ?ip-?op 6 such 
as any of a number of commonly used components of such 
kind and Gray to hex converter 7 such as any of a number 
of commonly used components of such kind. Flip-?op 6 
latches the output of binary to Gray converter 5 into Gray to 
hex converter 7, at a second rising edge of the input clock 
signal captured by ?ip-?op 3 in the form of a ?rst rising 
edge. Frequency multiplier 2 further includes a plurality of 
tap set circuits 8a—8c including, according to one 
embodiment, a 25% tap set circuit (8a), a 50% tap set circuit 
(8b), and a 75% tap set circuit (8c). 

According to another embodiment of the present 
invention, to set a desired multiplication level, other pro 
portionate tap settings can be employed. For example, the 
respective tap set values for respective tap set values for 
respective tap set circuits a—c could be 20%, 40%, and 60%; 
or 30%, 60%, and 90%; or any other proportionate or 
substantially proportionate set of values. 

Finally, frequency multiplier 2 includes a plurality of 
multiplexers including, according to one embodiment, ?rst, 
second, and third multiplexers, respectively multiplexers 9a, 
9b, and 9c, Which in turn are correspondingly connected to 
tap sets 8a, 8b, and 8c. Multiplexer 9a produces an output 
controlled by 25% tap set circuit 8a. Multiplexer 9b pro 
duces an output controlled by 50% tap set circuit 8b. 
Multiplexer 9c produces an output controlled by 75 % tap set 
circuit 8c. Multiplexers 9a—9c consequently provide respec 
tive multiplied frequency Waveform features including a ?rst 
falling edge, a second rising edge, and a second falling edge. 
The ?rst rising edges of the original and the multiplied 
Waveforms are coincident. 

The 25%, 50%, and 75% tap settings according to one 
embodiment result in a doubled frequency output Waveform. 
By selecting other percentage tap settings, for example, 
40%, 50%, and 60%, a duty cycle may be speci?ed. To 
generate a doubled frequency output Waveform, the respec 
tive outputs of multiplexers 9a, 9b, and 9c are provided as 
output connections. As noted above, to modify the multi 
plication factor of frequency multiplier 2, the percentages of 
the tap settings of tap set circuits a—c are proportionately 
modi?ed. Each tap setting selects a particular tap 4a‘—4h‘ 
corresponding to its associated tap setting. For example, a 
hex output of “4” from Gray to hex converter 7 Will produce 
respective tap settings of 1, 2, and 3 for respective taps 8a, 
8b, and 8c. Accordingly, by Way of an example, multiplexer 
9a Will produce the clock Waveform present at the ?rst tap, 
tap 4c‘; multiplexer 9b Will produce the clock Waveform 
present at the second tap, tap 4b‘; and multiplexer 9c Will 
produce an output Waveform present at the third tap, tap 4a’. 

Delay buffers 4a—4h include respective output taps 
4a‘—4h‘. The delays provided by each delay buffer may vary 
considerably in particular gate array or standard cell designs. 
According to one embodiment, the delay through a delay 
buffer is on the order of approximately one nano second. The 
variation in delays can be 300—400 percent. The delay 
through a single delay buffer is such that tWo clock edges of 
like character can be expressed Within the series of delay 
buffers 4a—4h. Clock frequency multiplier 2 according to the 
present invention further includes a ?rst rise detector ?ip 
?op 3, Which according to one embodiment of the present 
invention, detects the ?rst rise (i.e., rising edges of received 
clock signals or pulses). 
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4 
Delay buffers 4a—4h are associated With output taps 

connected in multiple parallel lines to binary to Gray con 
verter 5. 

A delay line according to the present invention includes 
suf?cient buffers and has sufficient length to be able to alloW 
a selected clock Waveform feature to propagate Within the 
delay line until a corresponding feature of a next clock 
Waveform arrives at the beginning of the delay line. 

FIG. 1B is a timing diagram of the progress of a selected 
clock pulse Waveform being sampled according to the 
present invention. As shoWn in FIG. 1B, sampling begins at 
an input position of a delay line, according to one embodi 
ment of the present invention, When a ?rst rising edge of an 
input clock Waveform reaches the input position. Sampling 
is discontinued or cut off When the ?rst rising edge reaches 
a cutoff position on the delay line associated With a particu 
lar frequency or period, and the second rising edge reaches 
the input of the delay line. Alternatively, sampling could 
begin at a second rising edge or another input clock Wave 
form feature such as a falling edge. 

FIG. 1C is a block diagram of a digital clock frequency 
multiplier, according to the present invention. In particular, 
clock frequency multiplier 2 includes a ?rst rising edge 
detector ?ip ?op 2a Which is provided With a clock signal 
(CLOCK ONE) of a predetermined input clock frequency. 
First rising edge ?ip ?op 2a, according to one embodiment, 
samples the rising edge of the input clock signal and alloWs 
the rising edge to propagate through a multiple tap buffer 
series 2b of delay elements. Clock frequency multiplier 2 
further includes a binary to Gray counter 2c, a second rising 
edge detector ?ip-?op 26, a Gray to hex converter 2f, a tap 
set circuit 2g, and a multiplexer bank 2d. First rise detector 
?ip ?op 2a produces a Waveform Which travels through 
multiple tap buffer series 2b having a series plurality of 
tapped buffers. The taps of multiple tap buffer series 2b are 
connected to binary to Gray counter 2c and to multiplexer 
bank 2d. Binary to Gray counter 2c is in turn connected to 
second rise detector ?ip-?op 26 Which in turn is connected 
?rst to Gray to hex converter 2f. Gray to hex converter is 
then connected to tap set circuit 2g Which controls multi 
plexer bank 2a' in selecting tap outputs from multiple tap 
buffer series 2b. 

FIG. 2 shoWs a modi?ed portion of the circuitry of a 
digital clock frequency multiplier according to the present 
invention, including a plurality of ?xed delay stages 14a‘ 
preceding and another set of ?xed delay stages 14n‘ folloW 
ing a serial bank of tapped delay buffers. This permits 
omission of taps at the beginning and end of the delay line, 
e.g., those preceding and folloWing the tap values applied to 
tap set circuits 8a—c. To compensate for the missing tap 
counts that Would be provided by the initial tap connections, 
a corresponding count constant is provided to Binary to 
Gray counter 5 as an initial setoff. FIG. 2 particularly shoWs 
a delay line including minimum delay stages 14a‘, mid 
range delay buffers 14a—14k, and maximum delay stages 
14n‘. Delay line taps are included after each of delay stages 
14a—14k, for connection With binary to Gray converter 15. 
According to the embodiment shoWn, delay line taps are 
only provided in the midrange region of the delay line. 

FIG. 3 is a timing diagram illustrating one embodiment of 
the present invention in Which an input clock signal of a ?rst 
selected frequency is multiplied by an integer factor of tWo, 
to produce an output clock signal of tWice the input fre 
quency at ?ip-?op 2a shoWn in FIG. 1C. Multiplexer bank 
2d produces ?rst and second falling edge output signals and 
a second rising edge output signal for the output clock signal 
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shown in FIG. 3. Thus, an input Waveform of measure 0 is 
converted into an; output Waveform having ?rst and second 
measures 1 and 2 at double the frequency and half the 
Wavelength of respective input Waveform portions. 
A selected input clock signal is thus multiplied in refer 

ence to another by digitally measuring the progress of a 
selected signal through all or part of a series of digital 
buffers 4a—4h shoWn in FIG. 1A by detecting a beginning 
and end of a selected ?rst signal Waveform. A next signal 
Waveform (i.e., CLOCK TWO) is then distributed over at 
least a portion of the digital buffers 4a—4h , and information 
is deduced from the digital buffers 4a—4h to specify a 
multiplied frequency signal in terms of a desired multipli 
cation factor and duty cycle rate, from the length of the ?rst 
signal Waveform and the distribution of the next signal over 
the digital buffers. The selected signal Which is multiplied 
may cease and reactivate. During signal cessation and 
reactivation, the signal is measured as it passes through a 
series of digital buffers. Then, information is deduced to 
establish a multiplied frequency signal based upon the 
measurement of the selected signal in digital buffers 4a—4h. 
The selected frequency signal can be expressed in a selected 
hardWare description language before being measured in 
delay buffers 4a—4h to specify the multiplied frequency 
signal. 

According to the present invention, the multiplied and/or 
duty cycle modi?ed signal is created from an input signal by 
establishing connections on pins or pads or otherWise on a 
conventional gate array circuit to enable measurement of 
selected signals through a series of buffers such as shoWn in 
FIG. 1A. Gate arrays are common circuit systems Which are 
Well knoWn to one skilled in the art. Connections are further 
established betWeen respective pins or other contacts of 
selected gate or arrays of a selected gate array circuit in 
order to deduce information specifying the multiplied fre 
quency signal by multiplication factor and duty cycle rate. 
According to another embodiment, a multiplied signal can 
further be developed from another signal by interconnecting 
a conventional ?eld programmable gate array to enable 
measurement of selected signals through a series of buffers 
4a—4h, and interconnecting pins or other contacts of a ?eld 
programmable gate array to enable deduction of information 
for a multiplied frequency signal based upon the selected 
signals operating Within the series of buffers. Further accord 
ing to the present invention, a Well-known standard cell 
structure is created With a series of buffers to measure a 
selected signal to be multiplied as it progresses through the 
series of buffers. Well-known circuit design techniques are 
used to de?ne the standard cells based upon information in 
available libraries. The standard cell is further constructed to 
enable deduction of information to specify a multiplied 
frequency signal based upon the selected signals operating 
Within the series of buffers. Further according to the present 
invention, a selected signal having minimum Width loW and 
high periods is measured in a series of digital buffers, and 
information is deduced to create a multiplied frequency 
signal based upon the measurement of the selected signal in 
the series of digital buffers 4a—4h. The input signal mea 
sured can be intermittent and the output multiplied signal 
can be of ensured or guaranteed selected periodicity. 
According to the present invention, frequency multiplication 
and duty cycle control are accomplished Without use of 
substantial analog circuitry Which requires complex atten 
dant support systems. The delay line according to one 
embodiment of the present invention includes a minimum 
delay stage preceding a central tapped region. The delay line 
may further have a maximum delay stage folloWing the 
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6 
tapped delay line region. Delay line taps connected after 
each intermediate delay stage are coupled to a binary to Gray 
converter. 

According to the present invention, considerable savings 
are possible by using a digital design approach. Portability 
of circuit designs is further facilitated by use of digital 
designs expressed in Boolean form, or in a hardWare 
description language such as Verilog or VHDL, for example, 
Which are converted into a netlist and chip layout. 
What is claimed is: 
1. A frequency multiplier circuit comprising: 
a ?rst signal detector for detecting a predetermined por 

tion of a clock signal; 
a plurality of delay elements for receiving clock signals, 

said plurality of delay elements connected in series at 
respective taps, and including ?rst through nth respec 
tive delay elements and corresponding ?rst through nth 
respective taps, the output of a particular delay element 
being connected to a corresponding one of said taps, 
said ?rst clock signal detector being connected to said 
?rst delay element and being effective for providing 
information as to the initiation of an input clock signal; 

a code device connected to said respective ?rst through 
nth taps, to provide information on the passage of a 
signal through said plurality of delay elements; and 

a multiplexer circuit having an output connection and a 
plurality of input connections respectively connected to 
said ?rst through nth taps, said output connection 
producing output signals having information de?ned 
features and corresponding to input signals received by 
said ?rst signal detector including ?rst, second, and 
third multiplexers, each having an output connection 
and a plurality of input connections respectively con 
nected to said ?rst through nth taps, for producing 
information of selected signal features of output signals 
corresponding to input signals received by said ?rst 
signal detector. 

2. A frequency multiplier circuit comprising: 
a ?rst signal detector for detecting a predetermined por 

tion of a clock signal; 
a plurality of delay elements for receiving clock signals, 

said plurality of delay elements connected in series at 
respective taps, and including ?rst through nth respec 
tive delay elements and corresponding ?rst through nth 
respective taps, the output of a particular delay element 
being connected to a corresponding one of said taps, 
said ?rst clock signal detector being connected to said 
?rst delay element and being effective for providing 
information as to the initiation of an input clock signal; 

a code device connected to said respective ?rst through 
nth taps, to provide information on the passage of a 
signal through said plurality of delay elements; and 

a multiplexer circuit having an output connection and a 
plurality of input connections respectively connected to 
said ?rst through nth taps, said output connection 
producing output signals having information de?ned 
features and corresponding to input signals received by 
said ?rst signal detector including ?rst, second, and 
third multiplexers, each having an output connection 
and a plurality of input connections respectively con 
nected to said ?rst through nth taps, for producing 
information of selected signal features of output signals 
corresponding to input signals received by said ?rst 
signal detector including ?rst, second, and third tap set 
circuits connected respectively to said ?rst, second, and 
third multiplexers, for producing information of suc 
cessive signal features corresponding to said input 
signals. 
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3. A frequency multiplier circuit comprising: 
a ?rst signal detector for detecting a predetermined por 

tion of a clock signal; 

a plurality of delay elements for receiving clock signals, 
said plurality of delay elements connected in series at 
respective taps, and including ?rst through nth respec 
tive delay elements and corresponding ?rst through nth 
respective taps, the output of a particular delay element 
being connected to a corresponding one of said taps, 
said ?rst clock signal detector being connected to said 
?rst delay element and being effective for providing 
information as to the initiation of an input clock signal; 

a code device connected to said respective ?rst through 
nth taps, to provide information on the passage of a 
signal through said plurality of delay elements; and 

a multiplexer circuit having an output connection and a 
plurality of input connections respectively connected to 
said ?rst through nth taps, said output connection 
producing output signals having information de?ned 
features and corresponding to input signals received by 
said ?rst signal detector including ?rst, second, and 
third multiplexers, each having an output connection 
and a plurality of input connections respectively con 
nected to said ?rst through nth taps, for producing 
information of selected signal features of output signals 
corresponding to input signals received by said ?rst 
signal detector including ?rst, second, and third tap set 
circuits connected respectively to said ?rst, second, and 
third multiplexers, for producing information of suc 
cessive signal features corresponding to said input 
signals, Wherein said successive signal features are the 
second fall, the second rise, and the ?rst fall of output 
signals to be constructed. 

4. A frequency multiplier circuit according to claim 2 
Wherein said ?rst, second, and third tap set circuits further 
provide respective 25, 50, and 75 percent tap settings for 
control of respective ones of said ?rst, second, and third 
multiplexers. 

5. A clock frequency modi?er method including: 
producing a coded representation of the progress of a 

selected feature of a clock pulse having four features of 
a ?rst frequency Waveform on a multiple element 
delay; 

applying a selected integer to said coded representation to 
produce a counterpart to the third feature of said four 
feature ?rst frequency Waveform, at a second selected 
frequency Waveform having corresponding four fea 
tures; 

applying half said selected integer to said coded repre 
sentation to produce a counterpart to the second feature 
of said four feature ?rst frequency Waveform at said 
second selected frequency; and 

applying one and a half of said selected integer to said 
coded representation to produce a counterpart to the 
fourth feature of said four feature ?rst frequency Wave 
form at said second selected frequency. 

6. A frequency multiplier circuit comprising: 
a signal detector for detecting a selected clock pulse edge 

of a clock signal, said signal detector providing as 
output a detected signal; 

a plurality of delay elements each having an input and an 
output, the plurality of delay elements connected in 
series such that there is a ?rst delay element and a last 
delay element in the series, the output of the signal 
detector being connected to the input of the ?rst delay 
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8 
element, the plurality of delay elements delaying the 
detected signal; 

a monitor circuit connected to said outputs of the plurality 
of delay elements, said monitor circuit monitoring 
progress of the selected clock pulse edge during a clock 
period in the plurality of delay elements, the monitor 
ing circuit providing as output information on the 
progress of the selected clock pulse edge in the plural 
ity of delay elements; and 

a multiplexer circuit receiving as input the outputs of the 
plurality of delay elements, the multiplexer circuit 
receiving as a control signal the output of the monitor 
circuit, in response to information of the progress of the 
selected clock pulse edge in the plurality of delay 
elements in a clock period from the monitor circuit, the 
multiplexer circuit producing output signals indicating 
clock pulse edges that When combined With the output 
of the signal detector producing a multiplication of the 
clock signal. 

7. The frequency multiplier circuit of claim 6, Wherein the 
monitor circuit monitoring the progress of the selected clock 
pulse edge during a clock period in the plurality of delay 
elements by counting the number of times the selected clock 
edge is produced by the plurality of delay elements in the 
clock period. 

8. The frequency multiplier circuit of to claim 7, Wherein 
the multiplexer circuit comprising: 

a ?rst tap set circuit receiving as input the output of the 
monitor circuit, the ?rst tap set circuit is being set at a 
?rst tap setting to produce a ?rst control signal in 
response to the output of the monitor circuit; 

a ?rst multiplexer receiving as input the outputs of the 
plurality of delay; elements, the ?rst multiplexer further 
receiving as input the ?rst control signal, in response to 
the ?rst control signal, the ?rst multiplexer selectively 
alloWing one of the outputs of the plurality of delay 
elements to pass through as an output signal; 

a second tap set circuit receiving as input the output of the 
monitor circuit, the second tap set circuit is being set at 
a second tap setting to produce a second control signal 
in response to the output of the monitor circuit; 

a second multiplexer receiving as input the outputs of the 
plurality of delay; elements, the second multiplexer 
further receiving as input the second control signal, in 
response to the second control signal, the second mul 
tiplexer selectively alloWing one of the outputs of the 
plurality of delay elements to pass through as an output 
signal; 

a third tap set circuit receiving as input the output of the 
monitor circuit, the third tap set circuit is being set at 
a third tap setting to produce a third control signal in 
response to the output of the monitor circuit; and 

a third multiplexer receiving as input the outputs of the 
plurality of delay; elements, the third multiplexer fur 
ther receiving as input the third control signal, in 
response to the third control signal, the third multi 
plexer selectively alloWing one of the outputs of the 
plurality of delay elements to pass through as an output 
signal. 

9. The frequency multiplier circuit of claim 8, Wherein the 
signal detector detecting a ?rst clock pulse rise edge and 
providing as output a signal carrying information on the ?rst 
clock pulse rise edge, the output signal from the ?rst 
multiplexer carrying information on a ?rst clock pulse fall 
edge, the output signal from the second multiplexer carrying 
information on a second clock pulse rise edge, and the 



5,933,035 

output signal from the third multiplexer carrying informa 
tion on a second clock pulse fall edge, Wherein the output 
signals from the signal detector and the ?rst, second, and 
third rnultipleXers combined to produce a multiplication of 
the clock signal. 

10. The frequency rnultiplier circuit of claim 7, Wherein 
the monitor circuit comprising: 

a binary-to-Gray converter receiving as input the outputs 
of plurality of delay elements, the binary-to-Gray con 
verter counting the number of the selected clock edges 
produced by the plurality of delay elements in the clock 
period, the binary-to-gray converter outputting a Gray 
code based count signal; 

a latch circuit receiving as input the Gray-code based 
count signal from the binary-to-Gray converter, the 
latch circuit providing a latched Gray-code based count 
signal as an output; and 

a Gray-to-heX converter receiving as input the latched 
Gray-code based count signal from the latch circuit, the 
Gray-to-heX converter converting the latched Gray 
code based count signal into a heXadecirnal based count 
signal, the Gray-to-heX converter providing the heXa 
decirnal based count signal as the output of the monitor 
circuit. 

11. A method for rnultiplying a signal in reference to 
another signal comprising: 

10 
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detecting a selected clock pulse edge of a clock signal; 
supplying a signal related to the selected clock pulse edge; 
sequentially delaying the signal using a plurality of delay 

elements; 
rnonitoring progress of the selected clock pulse edge 

during a clock period in the plurality of delay elements; 
producing signals indicating other clock pulse edges in 

response to the monitored progress of the selected 
clock pulse edge in the plurality of delay elements in a 
clock period; and 

combining information from the signal related to the 
selected clock pulse edge with information from the 
signals indicating other clock pulse edges to form a 
multiplication of the clock signal. 

12. The method of claim 11 Wherein the monitoring step 
involves counting the number of times the selected clock 
edge is produced by the plurality of delay elements in the 
clock period. 

13. The method of claim 12, Wherein the detecting step 
involves detecting a ?rst clock pulse rise edge. 

14. The method of claim 13, Wherein the producing step 
involves producing signals carrying information on a ?rst 
clock pulse fall edge, information on a second clock pulse 
rise edge, and information on a second clock pulse fall edge. 

* * * * * 


